Objective: To assess the potential impact of a national iron supplementation programme in rural Vietnam. Methods: The study included questionnaires, focus group discussions of pregnant women and key informant interviews, together with measurements of haemoglobin (Hb) and a stool examination for soil-transmitted helminths. Results: Iron supplementation significantly increased Hb concentration among participants in the second and third trimesters by 0.4 and 0.7 g/dl, respectively (P ¼ 0.017 and Po0.001). The risk of anaemia (Hb o10.0 g/dl) was increased significantly by hookworm infestation (P ¼ 0.041) and in summer season (P ¼ 0.001) and was decreased significantly by taking iron tablets (P ¼ 0.041).
Introduction
Iron-deficiency anaemia (IDA) is the most frequently observed nutritional deficiency in pregnant women in developing countries (Preziosi et al., 1997) . According to the World Health Organization (WHO), many pregnant women suffer from anaemia (Hb o11.0 g/dl) in the world: 52% in Africa, 60% in Asia (Japan, Australia and New Zealand are excluded), 39% in Latin America, 17% in North America, 17% in Europe, 71% in Oceania and 15% in USSR (data collected before the political change) (WHO, 1992) . IDA is an important factor in susceptibility to infectious disease (English et al., 1997) , maternal deaths (Allen and Casterline-Sabel, 2000) and decreased work capacity (Beard, 1995) .
Prenatal iron supplementation has been the standard recommendation for reducing maternal anaemia for the past 30 years, where dietary consumption of iron is unlikely to meet the daily dietary recommendation (Sloan et al., 2002) . At least 49 countries in the world have implemented iron supplementation programs to reduce iron deficiency (Mason et al., 2001) . Routine iron supplementation is recommended in the second and third trimesters as most women cannot meet their increased iron requirement from dietary sources alone (Roodenburg, 1995) . However, despite the widespread use of supplementation, only a few countries have reported improvement in anaemia rates at a national level and generally the effect of a large scale iron supplementation has been disappointing (Yip, 1994) . Reasons include the poor logistics of supplying iron tablets (Mason et al., 2001) , inadequacy of delivery system at grassroots level (Allen and Gillespie, 2001) , side effects of iron supplementation (Galloway and McGuire, 1994) and poor compliance among pregnant women (Earl and Wateki, 1993) .
Several factors influence the amount of iron absorbed from the diet consumed. The enhancing effect of vitamin C (Hallberg, 1985) and folate acid (Stoltzfus and Dreyfuss, 1998) , and inhibiting effects of absorption of phytic acid (Hallberg, 1987) , polyphenols (Brune et al., 1989) , tanic acid (Afsana et al., 2004) on the absorption of non-haem iron have been well established. However, all of these reports are based on single meal studies and studies on whole diet of population are still limited (Bach Kristensen et al., 2005) .
In Vietnam, the national iron supplementation programme commenced in 1998. The report of a joint government-donor non government organisation (NGO) working group identified the main cause of IDA as a lack of dietary iron intake, because the staple food of Vietnam is rice and rice products (Department of Culture and Information, 1999) . A previous study showed that taking iron tablets, the consumption of eggs and the women's preference for western medicine were significantly associated with a lower rate of anaemia (Aikawa et al., 2006a, b) . The regular and frequent supply of iron tablets was the most effective way to help adult women to continue taking iron tablets (Aikawa et al., 2006a, b) .
The objective of this study was to measure the impact of iron-folate supplementation on changes in haemoglobin (Hb) concentration during pregnancy. The evaluation of the iron supplementation programme will help to develop future plans for anaemia prevention.
Methods
The assessments were carried out in July, 2003 and January, 2004 in the Yen Thanh district of Nghe An Province in Vietnam. We pooled all the data from two surveys and included them into the analysis. The participants of this study belonged to the Kinh ethnic group that comprises 86.2% of the entire population of Vietnam (General Statistics Office of Vietnam, 2007) . The Kinh dominates much of the cultural and political landscape of Vietnam. The Yen Thanh district is one of the 17 districts in Nghe An province, the second largest province in Vietnam both in population and area. This district has a total of 37 communes and is situated 350 km south of Hanoi, the capital of Vietnam and has a border with Laos PDR. During the summer (June-September), the wind blows with high humidity, but malaria is not endemic in this area.
Commencing in 1998, the Vietnamese Ministry of Health implemented an iron supplementation programme in 10 of the 37 communes in the Yen Thanh District. Through this programme, 100 iron tablets of iron (60 mg) and folic acid (400 mg) for daily use were distributed by commune health workers to pregnant women at regular antenatal check-ups. The communes with an iron supplementation programme had been selected for the poor health status of the pregnant women resident there. We purposively selected four communes from 10 communes that were participating in the iron supplementation programme. One commune from the two communes was located in a low-lying area and three communes from the eight communes in the higher part of the district. We then selected two communes from the 17 communes that were not receiving iron supplementation. These six communes were the poorest in the district. The communes without iron supplementation programme locate in low-lying areas. Ten communes where pregnant women did not have ready access to a commune health centre were not included in the study.
Based on the crude birth rate (15.8 per 1000 total population) (National Committee for Population, Family and Children Population and ORC macro, 2003) and the entire population of the study communes (n ¼ 52 020) (Yen Thanh Dictrict Health Service, 2002, unpublished) , the total number of the pregnant women was estimated to be 822. As this estimation was smaller than the number we invited to participate (n ¼ 886), we were sure to cover most of the target population.
A health promotion project for anaemia reduction was also undertaken in two communes for 3 months (September 1-November 30 in 2003). The two main interventions were work reduction for pregnant women and nutrition education on anaemia given at the commune health centre. Nutrition education contained information on healthy foods and their preparation, taking one iron tablet every day, and clean environment for preventing parasite infection. In addition to the health promotion project, monthly health talks were given by health workers in all villages and there was also a national nutrition campaign organized by the National Institute of Nutrition annually all over Vietnam.
The study population in this survey was the pregnant women recorded in the target communes on June 30, 2003 (summer) and January 10, 2004 (winter) . To ensure that most of the pregnant women living in the selected villages to participate in the survey, we used the birth registrations of the commune health centres as the percentage of pregnant women who deliver at health centres was known to be high (74.3%) in the north central region of Vietnam. Women who had not yet come to the health centre for their first antenatal examination were located by extensive publicity through the women's union network.
Approval for this study was obtained from the Ethics Committee of the National Institute of Nutrition in Vietnam. Before the interview, the participants were informed that the confidentiality of their records would be maintained. They were also told that their participation would be voluntary and that they could withdraw from the study at any time. Their consent was then obtained for the study.
Director of Health Service of the Yen Thanh District. All the key informants were the Vietnamese.
In each commune, two separate focus group discussions were held each with seven participants. In total, 12 focus group discussions were held in six communes. The focus group discussions addressed awareness of IDA, risk factors leading to pregnant women's compliance of taking iron tablets, risk factors discouraging participants from taking iron tablets and food consumption. For each focus group discussion, a moderator and two reporters attended and obtained permission from the participants to take notes. After the discussion, the moderator responded to the participants' questions about health and nutrition. The reporters recorded the contents of discussions and their own observations during the focus group discussions, which lasted 45 min on average. The moderator and the reporters then transcribed the conversation on the same day.
The Hb concentration in the blood of each participant was determined at the time of the survey using a portable b-Hb photometer (Hemocue; HemoCue AB, Angelholm, Sweden) (Johns and Lewis, 1989) . WHO uses a Hb concentration of 411.0 g/dl for diagnosing anaemia in pregnant women (UNICEF/UNU/WHO, 2001), but in this study a slightly lower level of 10.0 g/dl was used as the cutoff point for anaemia.
The risk factors of anaemia among pregnant women identified in the past studies were reviewed and wherever possible they were included in this study. A trained technical officer of preventive medical centre of Nghe An Province examined a stool sample after formalin/ether concentration for the presence of STH such as hookworm, Ascaris lumbricoides and Trichuris trichiura (Pawlowski et al., 2002) . The consumption of iron-, protein-and vitamin C-rich foods was assessed with a self-administered food frequency questionnaire (FFQ). The questionnaire was developed based on information obtained from focus group discussions in the survey communes. The KAP questionnaire was modified from a similar study carried out in Nepal by UNICEF in 2001 and revised based on the results of focus group discussions and key informant interviews. A Vietnamese staff member of the National Institute of Nutrition explained each question to the participants. As the literacy rate in study area was close to 100% (Aikawa et al., 2006a, b) , more than 90% of the participants filled out the survey questionnaire by themselves. When any participants had a difficulty in understanding a question, a district health officer helped to explain the question without implying the answers.
Statistical analysis
All the data were coded and entered into SPSS (version 12.0J) (SPSS Japan Inc., Tokyo) for analysis. Computed descriptive statistics included proportions, means and comparisons between anaemic participants and non-anaemic participants. All the tests were two-sided, and a significant level of 5% was regarded as significant. To calculate the required sample size, the prevalence of anaemia (10.0 g/dl) among pregnant women was estimated to be 35% (Khoi, 2001 ) and the relative decrease of anaemia prevalence used in the calculation was 25% (Abel et al., 2000) . On the basis of this assumption, we estimated that a sample of 739 was required (95% power, Po0.01). To allow the dropout in the study, most of the pregnant women in six communes (n ¼ 886) were included.
To examine the potential effect of iron supplementation, we compared the Hb concentrations of participants who took iron tablets and those who did not take iron tablets.
Results
From the health centres' pregnancy records, 886 pregnant women were identified and 747 (84%) participated in the survey. Among them, 296, who were pregnant during two survey periods, participated in two surveys of July, 2003 and January, 2004 . One participant was excluded from the study owing to a mental disorder. From all the participants, three did not complete one of the questions on the survey, and 80 did not participated in the STH test. The final numbers available for analysis were 743 for Hb test and the full questionnaire, and 666 also had stool examinations for STH.
The mean age of the participants was 26.1 (s.d. ¼ 4.8) and more than 90% gave their occupation as 'farmers'. The average Hb concentration was 11.1 g/dl (s.d. ¼ 1.3, range 5.3-15.2 g/dl). The prevalence of anaemia defined by Hb concentration 411.0, 10.0 and 8.0 g/dl were 43.2, 13.1 and 0.5%, respectively.
The distribution of risk factors for anaemia between the anaemic participants (Hb o10.0 g/dl) and non-anaemic participants (Hb^10.0 g/dl) is shown in Table 1 . The univariate analysis of Hb concentrations and demographic variables showed that farmers were equally represented in the anaemic and the non-anaemic groups. The study results showed that there were no difference between anaemic and non-anaemic participants for the percentages of 'being farmers', 'lack of staple foods for more than 1 month', 'having good access to a health centre' and 'completion of secondary school'. The mean ages did not differ between anaemic participants (27.074.8) and non-anaemic participants (26.074.7).
The prevalence of anaemia was significantly lower in the communes included in the health promotion project (2.1%) than in the communes without (12.4%) (P ¼ 0.001). The prevalence of anaemia was significantly higher in the second (51.0%) and the third trimester (43.8%) than in the first trimester (5.2%) (P ¼ 0.001). Hookworm infestation was more frequent in those with anaemia (31.8%) compared to the non-anaemic participants (20.0%) (P ¼ 0.016). The prevalence of anaemia was significantly lower in the participants who received advice on food and nutrition from health workers in commune health centres (44.3%), village health workers (18.6%), nutrition collaborators (12.4%) and than those who did not (56.1, 29.9, 22.4%, P ¼ 0.021, P ¼ 0.022, P ¼ 0.023). A seasonal pattern in the anaemia prevalence was also observed; higher in summer (17.1%) than in winter (7.2%), (Po0.001). When the FFQ items were examined, anaemic participants were less likely to consume eggs (P ¼ 0.021). The main source of protein for pregnant women in this study area was fish. There was no difference between the anaemic and non-anaemic participants in the other parameters studied.
The study results showed that women who had daily supplementation with iron (60 mg) and folic acid (400 mg) for pregnant women had higher Hb concentration. The variables related to higher Hb concentrations are shown in Table 2 . Taking iron tablets increased Hb concentration among the participants in the second and third trimesters by 0.4 and 0.7 g/dl, respectively (P ¼ 0.017, Po0.001). Effect of iron supplementation was not observed in the first trimester.
Taking iron tablets significantly increased Hb concentration among those who consumed meat, fish, beans and eggs more frequently than every week by 0.6, 0.5, 0.5 g/dl and 0.5/dl, respectively (Po0.001, o0.001, 0.001 and 0.001) ( Table 2 ). Iron tablets had no effect on the participants who consumed meat, fish, beans and eggs less frequently than every week, and those with hookworm/trichurius infestation. Table 3 shows the results of a binary logistic regression analysis. The risk of anaemia (Hb o10.0 g/dl) was increased significantly by hookworm infestation (P ¼ 0.041), in the second (P ¼ 0.005) and third trimester (P ¼ 0.020), and in summer (P ¼ 0.001). On the other hand, the risk of anaemia decreased significantly by taking iron tablets (P ¼ 0.041).
The information sources recalled by mothers were different between communes included in the health promotion project and the other communes. In communes included in the health promotion project, the percentage of those who received information on anaemia from commune health workers (88.3%), women's union (72.7%), village health workers (67.5%) and nutrition collaborators (54.5%) were significantly higher than those in the commune without (66.9, 50.0, 39.7, 26.6%; Po0.001, o0.001, o0.001, o0.001, respectively). The percentages of those who received information on anaemia from TV and radio were not different between communes included in the health promotion project (40.3%) and the communes without (21.2%) (P ¼ 0.061). However, none of these variables remained in the final binary logistic regression model.
Discussion
The study results showed that the daily supplementation with iron (60 mg) and folic acid (400 mg) in pregnant women increased Hb concentration. Anaemic participants were more observed in the second and third trimesters, in hookworm infestation and in summer.
Effect of taking iron tablets was observed only among participants who consumed protein-rich foods more frequently. There was no increase of Hb concentration by taking iron tablets among those who consumed protein-rich foods less frequently. This may reflect the importance of adequate protein intake in the prevention of anaemia (Hoang, 2001; Musaiger, 2002) . Past studies have shown that the absorption of non-haem iron was higher in meat containing diets by 54-69%, compared to vegetarian diets (Hoang, 2001; Bach Kristensen et al., 2005) . The current study results supported the importance of protein intake in addition to the iron supplementation.
This study results showed that iron supplementation increased Hb concentration significantly in the second and third trimesters of pregnancy. However, the increase in Hb concentration in the first trimester of pregnancy with iron supplementation was not observed. The Hb concentration of pregnant women in India was increased significantly by 0.84 g/dl in the first trimester 18 months after conducting a community-based anaemia reduction programme 95% confidence interval 11.0-11.63, 9.93-11.11) (Abel et al., 2000) . This is due to the iron absorption rate that is different from degree of anaemia (Sloan et al., 2002) . The mean Hb concentration of the first trimester in this study area of Vietnam was high (12.0 g/dl), so that the iron was less absorbed. The mean Hb concentration of the first trimester of the Indian study was low (10.5 g/dl), so that the iron was more absorbed.
We also found that the hookworm infection was associated with a significantly increased risk of IDA. According to WHO guidelines, a de-worming tablet is recommended during the second and third trimesters of pregnancy (Pawlowski et al., 2002) . Antihelminthic therapy for pregnant women is recommended in the 'National Anaemia and Nutrition, Risk Factor Survey, Vietnam' (National Institute of Nutrition, 1995). However, this recommendation has not been often implemented owing to a concern over the potential teratogenicity of mebendazole in Vietnam. Mass use of anthelminthic therapy towards pregnant women is conducted in Sri Lanka (Atukorala et al., 1994) and Nepal (Bondevik et al., 2000) . Anthelminthic therapy in addition to iron-folate supplements caused a significant positive change in Hb concentration in these two countries (Atukorala et al., 1994; Christian et al., 2004) . The development of a policy for anthelminthic therapy for pregnant women is urgently needed in Vietnam because of its relationship with IDA (National Institute of Nutrition, 1995) . In addition to the anthelminthic therapy, emphasis should also be given to other preventive strategies, including sanitation control programs and use of footwear to reduce contact with contaminated soil.
Lastly, anaemia prevalence was higher in summer than in winter. It is hot in summer (July) and cold in winter (December), and humidity is high all year around in the study area. Harvest season is from September to November. Therefore, July is the season before the harvest when less food is available to the household. December is the season after the harvest when more food is available. Seasonal differences should be considered when studying the relationship of risk factors of disease and health. For example, the lowest moderate severe anaemia (Hb o8.0 g/dl) was observed in November-December at the beginning of the rainy season in Malawi. The difference of Hb concentration was affected by malaria and nutritious status (Verhoeff et al., 1999) . The study of 25 healthy Duch (10 men and 15 women aged 20-30 years) showed that physical activities level in summer (1.8270.22 MJ per day) was significantly higher than in summer (1.7670.18 MJ per day) (Po0.001) (Plasqui and Westerterp, 2004) . The anaemia prevalence may be affected by the food availability and energy expenditure in the study area of rural Vietnam. In these communes, those who received a frequent supply of iron tablets took iron tablets for a longer period (5-9 months) (Aikawa et al., 2006a, b) . Based on this result, three months' health promotion project for IDA reduction was implemented to help pregnant women's compliance of taking iron tablet. In this project, monthly supply of iron tablets either in the health centres or at home was strongly recommended to increase the duration of taking iron tablets.
As a result, the prevalence of anaemia was significantly lower in the communes included in the health promotion project than in the communes without. However, the results of the multiple regression analysis showed that it did not remain in the final model of the multiple regression analysis for Hb concentration. A less frequent supply of iron tablets was also not identified as a risk factor for anaemia. There exist other factors that influence Hb concentration besides taking iron tablets for a longer period, such like iron from foods, hookworm infestation and other nutrients that affect iron absorption.
Although educational attainment and household property levels of the current study population were similar to those of rural areas in the recent demographic and health survey (National Committee for Population, Family and Children Population and Family Health Project, 2003), some limitations need to be considered when interpreting the results of the study. The study was conducted in one rural district of Vietnam and the results may not be generalizable to other urban and suburban areas of the country. Also, social services, such as education and health care, were evenly distributed throughout the study area. The overall equality in social development and opportunity limited the comparison of our participants' social backgrounds.
The results showed that the pregnant women got information on anaemia from health workers rather than TV and radio. Therefore, the effects from mass media in the study area were supposed too little to change the pregnant women's behaviour towards anaemia prevention. Our study results also showed that there were no differences in age, educational level, occupation, economic status, information sources and access to health centres between anaemic and non-anaemic participants. Further longitudinal studies are needed to assess the relative importance of iron supplementation, anti-helminthic medication and the quantities of protein-rich foods that are related to Hb concentration.
In conclusion, the results of this study show that an iron supplementation programme is beneficial as a part of a comprehensive anaemia programme for pregnant women in this community. These results will be useful for developing an improved IDA control programme for pregnant women in future. Abbreviations: AOR ¼ adjusted odds ratio; CI, confidence interval. Number of children, age, mothers occupation (0: not farmer, 1: farmer), iron supplementation programme (0: no, 1: yes), health promotion project (0: no, 1: yes), type of latrine (0: no hygienic, 1: hygienic), advice for taking iron tablets being told (0: no, 1: yes), side effects (0: not experienced, 1: experienced), advice from mother (0: no, 1:yes), advice from sister (0: no, 1:yes), advice from husband (0: no, 1: yes), advice from nutrition collaborators (0: no, 1: yes), advice from village health workers (0: no, 1: yes), advice from commune health workers (0: no, 1: yes), consumption of fish (0: no, 1: yes), consumption of beans (0: no, 1: yes), iron supplementation programme (0: no, 1: yes) were also entered in the first models and did not remain in the final models. Only risk factors, which binary logistic regression coefficients that were significant (Po0.05), were included in the final models.
a Multiple linear regression with backward elimination procedures. b Anaemia is defines as a haemoglobin concentration less than 10.0 g/dl.
